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VEHICLE STEERING APPARATUS 

< 

Background of the Invention 

5 Field of the Invention 

The present invention relates to a vehicle steering 
apparatus for providing a drive force of a steering 
actuator (such as an electric motor or a hydraulic 
cylinder) to a steering mechanism, such as a power steering 
lo apparatus or a steer-by-wire (SBW) system. 

Description of the Related Art 

Hitherto , a power steering apparatus constructed to 
transmit a drive force generated by an electric motor or a 

is hydraulic cylinder to a steering mechanism for helping the 
steering operation is mounted to and used in a vehicle- For 
example/ an electric power steering apparatus for 
transmitting a drive force of the electric motor via a gear 
mechanism to the steering mechanism or transmitting the 

20 same to the steering mechanism via a direct drive system is 
constructed in such a manner that a target value for 
driving the electric motor is set in accordance with a 
steering torque applied to a steering wheel/ and the 
electric motor is controlled based on the set target value • 

25 The steering torque is detected by a torsion bar 
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interposed between the steering wheel and the steering 
mechanism. 

On the other hand, , as a new vehicle steering 
apparatus, there is proposed a system in which a mechanical 
s connection between the steering wheel and the steering 
mechanism for turning the steering tired-wheel is 
eliminated, and turning of the steering tired-wheel is 
achieved by detecting the operating angle of the steering 
wheel and/ based on the detected results, providing a 

io torque from the steering actuator to the steering mechanism 
(so called steer-by-wire (SBW) system, (See Patent Document 
1 shown below) . 

The steering actuator is controlled by a control 
unit having a microcomputer. In other words, when the 

is ignition switch of the vehicle is in an ON state, various 
detection signals of an operating angle sensor for 
detecting the operating angle of the steering wheel and a 
turning angle sensor for detecting the turning angle of the 
steering tired-wheel are input into the control unit* The 

20 control unit controls the steering actuator in such a 
manner that the turning angle of the steering tired-wheel 
corresponds to the operating angle of the steering wheel 
based on the input signals. 

On the other hand, in order to provide an operation 

25 reaction force to a steering wheel, a reaction force 
actuator is provided on a steering shaft- The control unit 
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provides the operation reaction force to the steering wheel 
by driving the reaction force actuator according to the 
operating angles and so on T . 

Reference documents relating to the present 
5 invention are shown below; 

[Patent Document 1] JP-A-2000-198453 

[Patent Document 2] JF-A-10-324120 

[Patent Document 3] JP-A-11-20427 

In the electronic power steering apparatus in the 

10 related art described above, the electric motor as a 
steering actuator is controlled according to the steering 
torque, and thus it can be said that the steering 
assistance according to the road conditions is performed as 
far as it is reflected to the steering torque. However, 

is since the road conditions are reflected to the steering 
torque after being transmitted from the wheel through a 
mechanical link, detection may be delayed due to rattling 
or backrush of the steering mechanism, or torsion of a 
torsion bar, and thus delay of response in control cannot 

20 be avoided* That is, control of the steering, actuator is 
not necessarily performed with a good responsibility . 

In the same manner, in the steer-by-wire system as 
well, it is difficult to control the steering actuator 
while accurately reflecting the road conditions or other 

25 factors. 

Accordingly, it is an object of the present 
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invention to provide a vehicle steering apparatus, which is 
capable of detecting a load applied to the tire and 
performing steering control,, in which the road conditions 
are accurately reflected, based on the detected load. ' 
s A fundamental factor for controlling the reaction 

force actuator (reaction force control) is to generate a 
self -aligning torque for reproducing a kickback from the 
road surface. Therefore, it is necessary to differentiate 
the setting for reaction force control for every individual 
10 vehicle, which causes elongation of the period of 
development. 

More specifically, in the steer-by-wire system in 
which a steering gar and a handle column are not directly 
linked, the feedback of actual values of the axial force or 

is a torque in the steering torque transmission system cannot 
be given to a driver via the steering wheel in contrast to 
the case of the normal-type steering mechanism in which the 
line from the steering wheel to the steering mechanism is 
mechanically linked. Therefore / the electrical feedback 

20 must be performed by converting the data on vehicle's 
behaviors into a self-aligning torque, or by controlling 
the reaction force actuator based on a torque of a pinion 
shaft that transmits a drive force of the steering actuator 
to a rack shaft. Therefore, in order to reproduce the 

25 self-aligning torque similar to the normal-type steering 
mechanism, vehicle adaptation technology for adjusting 
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every individual vehicle is required. 

In addition, in control of reaction force based on 
data of the vehicle's behavior or a torque of the pinion 
shaft, it is possible to transmit information on the road 
5 conditions (rutted road, cant road, wave road, snowy road) 
to the driver via the steering wheel* However, it is not 
possible to transmit transient information on the tire 
supporting surface (whether or not it is in the critical 
limit of grip) . It is because information on the road 

lo condition is so called information in the low- frequency 
region, and thus it is sufficient when it is informed to 
the driver at a response speed in the order of 200 
milliseconds, while transient information on the tire 
supporting surface have to be informed to the driver at a 

is response speed in the order of several tens milliseconds 
for enabling the driver to take an appropriate reaction. 
However, in the reaction force control which is executed 
through a complex computing process based on data on the 
vehicle's behavior and so on, responsibility in the order 

20 of several tens milliseconds cannot be realized, and thus 
transient information on the tire supporting surface cannot 
be informed to the driver. 

In addition, the driver uses consciously or 
unconsciously following information in order to drive a 

25 vehicle. 

(1) Tire conditions (degree of wear: lowering of gripping 
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force) 

(2) Road conditions (slippery, irregular, wavy, rutted) 

(3) Abnormality of vehicle, (abnormality, looseness, and 
wear of various parts in driving system or of underbody) 

s (4) Information received from traveling infrastructure 

The driver senses such information visually, 
acoustically, or from vibrations of the seating surface and 
a reaction force generated when operating the operating 
terminals (such as steering wheel or control stick) . 

lo However, in the steer-by-wire system in which the 

steering gear and the handle column are not directly 
linked, in contrast to the normal-type steering mechanism 
in which the line from the steering wheel to the steering 
mechanism is mechanically linked, the feedback of the 

is actual value of the axial force or the torque in the 
steering torque transmission system cannot be given to the 
driver via the steering wheel. 

Therefore, transmission of information as described 
above to the driver tends to be insufficient- This is not 

20 a subject which is specific for the steer-by-wire system, 
but is a common subject in various technologies for 
improving the comfort or motility of vehicles (improving 
technology of a braking system, a driving system, and a 
suspension system in addition to the steer-by-wire 

25 technology) , which may increase mental and physical 
stresses exerted to the driver during operation. 
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In view of such circumstances, it is an object of 
the present invention to provide the vehicle steering 
apparatus , which enables steering control in which the road 
conditions are accurately reflected based on the detected 
5 load applied to the tire. It is another object of the 
present invention to provide the vehicle steering apparatus 
in which application of the vehicle adaptation technology 
for every individual vehicle is reduced, so that the period 
of development can be shortened. It is a further object of 

lo the present invention is to provide the vehicle steering 
apparatus which realizes a reaction force control in which 
desirable transmission of transient information on tire 
supporting surface to the driver is achieved. It is one of 
the objects of the present invention is to provide the 

is vehicle steering apparatus in which required information 
can be adequately informed to the driver and thus a 
comfortable driving environment is provided. 



Summary of the Invention 

20 In order to achieve the objects described above, an 

aspect of the present invention is a vehicle steering 
apparatus including a steering mechanism (4,6,7,24) for 
turning a steerable tired-wheel (5,2,9), a steering 
actuator (2,32) for providing a steering force to the 

25 steering mechanism, a load detecting unit (SL, SR, SP, SA) 
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for detecting a tire load, which is a load applied to a 
tire of a vehicle, and a steering control unit (14, C) for 
controlling the steering actuator according to the tire 
load detected by the load detecting unit- The reference 
5 numerals and signs in parentheses designate corresponding 
components in embodiments described later, hereinafter* 

In this arrangement, since the steering actuator 
that provides a steering force to the steering mechanism is 
controlled by a load applied to the tire of the vehicle 

10 (the tire may be the one to be steered, or may be other 
tires) , steering control which directly reflects the road 
conditions and the tire conditions is realized. 

The load detecting unit is preferably detects a 
load applied to the tire within the tire. Accordingly, the 

is road conditions, which are detected at the position nearest 
to the road surface, may be used for steering control, and 
thus steering control conformably following-up variations 
in road condition is achieved . 

The load detecting unit may include an air pressure 

20 detecting unit (SP) for detecting the air pressure of the 
tire . 

The load detecting unit may include a stress 
detecting unit (SL, SR) for detecting a stress applied to 
the tire. 

25 In this case, the stress detecting unit preferably 

includes a left side stress detecting unit (SL) and a right 
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side stress detecting unit (SR) for detecting stresses 
applied to the left side and the right side of the tire 
respectively when viewed toward the direction of travel of 
the vehicle. For example, the left side stress detecting 
5 unit and the right side stress detecting unit may be 
attached to the left side wall (52L) and the right side 
wall (S2R) of the tire, respectively. 

In this arrangement, since the degree of 
deformation of the tire occurred when the vehicle follows a 

lo curved track (when traveling along a curve) may be 
detected, adequate steering control according to the tire 
load is achieved. 

Preferably, the invention further includes a 
steering direction detecting unit (13, 4 6) for detecting 

15 the steering direction of the vehicle, and the steering 
control unit controls the steering actuator based on the 
steering direction of the vehicle detected by the steering 
direction detecting unit and the stresses detected by the 
left side stress detecting unit and the right side stress 

20 detecting unit, respectively. 

More specifically, the steering control unit 
preferably controls the steering actuator based on the 
steering direction of the vehicle detected by the steering 
direction detecting unit and the stresses applied on the 

25 outer portions of the tire when viewed in the direction of 
travel detected by the left side stress detecting unit and 
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the right side stress detecting unit. 

In this arrangement^ the load applied on the tire 
may effectively be detected utilizing the fact that the 
outer portions of tire of the vehicle when viewed in the 
5 direction of travel deform more than the center portion, 
and the detected results may be reflected to steering 
control . 

In order to achieve the objects described above, 
another aspect of the present invention is a vehicle 

10 steering apparatus in which a steering mechanism for 
turning a steerable wheel (5, 29) is operated according to 
the operation of an operating member (1, 22) for steering a 
vehicle, including a reaction force actuator (9, 40) for 
providing an operation reaction force to the operating 

is member, a load detecting unit (SL, SR, SP, SA) for 
detecting the tire load which is applied to the tire (W, 
WL> WR) of the vehicle, and a reaction force control unit 
(14, C) for controlling the reaction force actuator 
according to the tire load detected by the load detecting 

20 unit. 

In this arrangement, since the reaction force 
actuator for providing an operation reaction force to the 
operating member is controlled according to a load applied 
to the tires of the vehicle (this may be the tire of the 
25 steerable tired-wheel or may be the tire of the wheel other 
than the steerable tired-wheel) , control of the reaction 

10 
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force directly reflecting the road conditions and the tire 
conditions is achieved. Therefore, the kickback from the 
road surface can be reproduced without depending on the 
mechanical construction of the steering torque transmission 
5 system. Accordingly, necessity of adjustment for reaction 
force control for every individual vehicle, on which the 
vehicle steering apparatus is mounted, may be eliminated, 
and application of the vehicle adaptation technology may be 
reduced. 

io In addition, the reaction force actuator can be 

controlled at further superior responsibility in comparison 
with the case in which reaction force control is performed 
based on data on the vehicle's behavior and a torque of a 
pinion shaft. Therefore, not only low-frequency 

is information corresponding to the road conditions, but also 
transient information of the tire supporting surface may be 
informed to the driver via the operating member by 
controlling the reaction force actuator. Accordingly, for 
example, even with a construction in which the operating 

20 member and the steering mechanism are not mechanically 
linked, same information as the normal-type steering 
mechanism can be provided via the operating member to the 
driver. 

Preferably the load detecting unit is adapted to 
25 detect a load applied to the tire within the tire. 

The load detecting unit may include an air pressure 



11 



03-10-30; B:57PMJNGB PATENT DEPT 



McGINN & GIBB 



181 355613956 



# 14/88 



detecting unit(SP) for detecting the air pressure of the 
tire . 

The load detecting unit^ay also include a stress detecting 
unit (SL, SR, SA) for detecting a stress applied to the 
5 tire* 

In this case, the stress detecting unit preferably 
includes the left side stress detecting unit (SL) and the 
right, side stress detecting unit (SR) for detecting 
stresses applied to the left side and the right side of the 

10 tire respectively when viewed toward the direction of 
travel of the vehicle. For example, the left side stress 
detecting unit and the right side stress detecting unit may 
be attached to the left side wall (52L) and the right side 
wall (52R) of the tire, respectively. 

is In this arrangement, since the degree of 

deformation of the tire occurred when the vehicle follows a 
curved track (when traveling along a curve) may be 
detected, information on transient tire supporting surface 
can be obtained. 

20 Preferably, the invention further includes the 

steering direction detecting unit (13, 4 6) for detecting 
the steering direction of the vehicle, and the reaction 
force control unit controls the reaction force actuator 
based on the steering direction of the vehicle detected by 

25 the steering direction detecting unit and the stresses 
detected by the left side stress detecting unit and the 



12 



03-10-30} 6!57PM;NGB patent dept 



McGINN & GIBB 



;81 355613956 



# 15/88 



right side stress detecting unit, respectively. 

More specifically, the reaction force control unit 
preferably controls the. reaction force actuator based on 
the steering direction of the vehicle detected by the 
s steering direction detecting unit and the stresses applied 
on the outer portions of the tire when viewed in the 
direction of travel detected by the left side stress 
detecting unit and the right side stress detecting unit. 

In this arrangement/ the load applied on the tire 
10 may effectively be detected utilizing the fact that the 
outer portions of the vehicle when viewed in the direction 
of travel deform more than the center portion, and the 
detected results may be reflected to reaction force 
control . 

is Another aspect of the present invention is a 

vehicle steering apparatus in which a steering mechanism 
(4, 6, 7, 24) for turning a steerable wheel (5, 29) to be 
steered is operated according to the operation of an 
operating member {1, 22) to be operated by a driver, 

20 including an actuator (9, 40) for applying a force to the 
operating member for transmitting information to the 
driver, at least one sensor (S1-S12) for detecting the 
physical amount relating to the movement of the vehicle and 
outputting the detection signal according to the detected 

25 result, a signal analyzing unit (14, C, A2) for supplying 
an analytical solution and a control unit (14) for 
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controlling the actuator based on the analytical solution 
supplied from the signal analyzing unit- 

In this arrangement, the results detected by the 
sensor for detecting the physical amount relating to the 
5 movement of the vehicle (including the physical amount of 
the operation of the operating member/ the action of the 
steering mechanism, the action of the braking mechanism, 
the action of the driving system, and the tire load) are 
analyzed, and based on the analytical solution, the 

io actuator is controlled. In other words, for example, the 
frequency property of the detection signal from the sensor 
is analyzed, and a force controlled according to the 
analysis is provided to the operating member. Accordingly, 
information relating to the movement of the vehicle can be 

is transmitted through the operating member to the driver, and 
thus even when various technologies for improving the 
comfort or the motility of the vehicle (such as steer-by- 
wire } are employed, required information may be adequately 
informed to the driver. 

20 The vehicle steering apparatus according to the 

present invention preferably includes a first determining 
unit (All/ A12) for determining whether or not the 
analytical solution analyzed by the signal analyzing unit 
conforms a predetermined first reference condition, a 

25 teaching unit (19, 70) for providing, when the analytic 
solution of the signal analyzing unit conforms the first 

14 
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reference condition (YES in All, YES in A12), a teaching 
corresponding to the result of determination to the driver. 

In this arrangement / .when it is determined that the 
analytic solution (for example, frequency property) 
s analyzed by the signal analyzing unit conforms the first 
reference condition, a teaching corresponding to the result 
of determination is given to the driver, and thus 
occurrence of abnormalities can be transmitted adequately 
to the driver. 

io The teaching unit may be the one which gives a 

teaching to the driver acoustically, or by illuminating a 
lamp or displaying a message. 

The vehicle steering apparatus according to the 
present invention preferably includes a second determining 

is unit (All, A16) for determining whether or not the 
analytical solution analyzed by the signal analyzing unit 
conforms a predetermined second reference condition / and 
when the analytic solution of the signal analyzing unit is 
determined to conform the second reference condition (NO in 

20 All, YES in A16) , the control unit controls the actuator 
according to the analytic solution. 

In this arrangement, when the analytic solution by 
the signal analyzing unit (for example, frequency property) 
conforms the predetermined second reference condition, the 

2S actuator is controlled by the analytic solution. 
Accordingly, when the analytic solution shows the presence 
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of an abnormality, the actuator is controlled according to 
the degree of the abnormality, and thus occurrence of 
abnormalities can be transmitted via the operating member 
adequately to the driver* 
s Still another aspect of the present invention is a 

vehicle steering apparatus for operating a steering 
mechanism (4, 6, 7, 24) for turning a steerable tired-wheel 
(5, 29) according to the operation of an operating member 
(1, 22} to be operated by a driver, including an actuator 

lo (9, 40) for applying a force to the operating member for 
transmitting information to the driver, a load detecting 
unit (SL, SR, SP) for detecting the tire load which is a 
load to be applied to the tire of the vehicle, a steering 
mechanism system detecting unit (S3, S4, S12) for detecting 

is the physical amount applied to the steering mechanism, a 
vehicle condition detecting unit (S5 to Sll) for detecting 
the physical amount relating to the movement of the 
vehicle, a control unit (14, C) for controlling the 
actuator based on the result detected by at least one of 

20 the load detecting unit, the steering mechanism system 
detecting unit, and the vehicle condition detecting unit, 
and the teaching unit (19, 70) for giving a predetermined 
teaching to the driver based on the result detected by at 
least one of the load detecting unit, the steering 

25 mechanism system detecting unit, and the vehicle condition 
detecting unit. 
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In this arrangement, a steering reaction force 
(self-aligning torque or feeling of friction) informed to 
the driver from the operating member in the case of the 
vehicle steering apparatus, in which the line from the 
s operating member to the steering mechanism is mechanically 
linked, can be informed to the driver via the operating 
member . 

In addition, by controlling the actuator according 
to the physical amount relating to the movement of the 

10 vehicle (including the physical amount of the operation of 
the operating member, the action of the steering mechanism, 
the action of the braking mechanism, the action of the 
driving system, and the action of the suspension system), 
abnormalities of the mechanical system, abnormalities of 

is control, or vibrations transmitted from the road surface 
(flutter, shimmy) can be informed to the driver via the 
operating member as a simulated reaction force. The 
simulated reaction force may be controlled by variable 
control according to the traveling conditions of the 

20 vehicle (such as vehicle speed, fore-and-aft acceleration, 
lateral acceleration, yaw rate, steering speed) . An 
adjusting unit (75) for adjusting the magnitude of the 
simulated reaction force according to the preference of the 
driver may be provided. 

25 In addition, by controlling the actuator according 

to a load applied to the tire of the vehicle (this may be 
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the tire of the steerable tired-wheel or may be the tire of 
the wheel other than the steerable tired-wheel) , reaction 
force control directly reflecting the road conditions and 
the tire conditions is achieved. Therefore, the kickback 
s from the road surface can be reproduced without depending 
on the mechanical construction of the steering torque 
transmission system. Accordingly, necessity of adjustment 
for reaction force control for every individual vehicle, on 
which the vehicle steering apparatus is mounted, may be 

10 eliminated, and application of the vehicle adaptation 
technology may be reduced. 

In addition, the actuator can be controlled at 
superior responsibility. Therefore, not only low- frequency 
information corresponding to the road conditions, but also 

is transient information of the tire supporting surface may be 
informed to the driver via the operating member by 
controlling the actuator. Accordingly, for example, even 
with a construction in which the operating member and the 
steering mechanism are not mechanically linked, same 

20 information as the normal-type steering mechanism can be 
provided via the operating member to the driver. 

In addition, according to the present invention, 
the teaching unit for providing a teaching to the driver 
based on the result detected by at least one of the load 

25 detecting unit, the steering mechanism system detecting 
unit, and the vehicle condition detecting unit. The 
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teaching unit may be an information providing unit which 
informs the driver acoustically or visually, as the one 
providing a teaching to the, driver by generating a sound 
(sound warning), or the one giving a teaching to the driver 
s by illuminating a lamp or by displaying a message. 

For example, occurrence of abnormalities in 
mechanical system or in control , and generation of 
vibrations (such as flutter or shimmy) transmitted from the 
road surface may be informed to the driver by the teaching 

10 unit instead of controlling the operating member by the 
actuator or together with such control of the operating 
member. Alternatively, occurrence of abnormalities in 
mechanical system or in control, and generation of 
vibrations transmitted from the road surface may be 

is selectively informed to the driver both by the simulated 
reaction force and the teaching unit, or by suitable one of 
those* 

The load detecting unit is preferably detects a 
load applied to the tire within the tire. 
20 The load detecting unit may also include the air 

pressure detecting unit (SP) for detecting the air pressure 
of the tire* 

The load detecting unit may include the stress 
detecting unit (SL, SR, SA) for detecting a stress applied 
25 to the tire. 

In this case, the stress detecting unit preferably 
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includes the left side stress detecting unit (SL) and the 
right side stress detecting unit (SR) for detecting 
stresses applied to the left , side and the right side of the 
tire respectively when viewed toward the direction of 
5 travel of the vehicle. For example, the left side stress 
detecting unit and the right side stress detecting unit may 
be attached to the left side wall (52L) and the right side 
wall (52R) of the tire, respectively. 

In this arrangement, since the degree of 
10 deformation of the tire occurred when the vehicle follows a 
curved track (when traveling along a curve) may be 
detected, transient information on the tire supporting 
surface may be obtained. 



is Brief Description of the Drawings 

Fig. 1 is a conceptual drawing illustrating a 
construction of a vehicle steering apparatus according to a 
first embodiment of the present invention; 

Fig. 2 is a diagrammatic cross-sectional view 
20 illustrating a construction of a tire of a steerable tired- 
wheel; 

Figs. 3A and 3B are diagrammatic drawings 
illustrating deformation of the tire at the time of 
cornering; 

25 Fig. 4 is a control characteristic drawing showing 
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an example of the control mode of a reaction force 
actuator; 

Fig . 5 is a conceptual drawing showing a state of 
giving and receiving information among a driver, a vehicle 
5 and the road surface; 

Fig, 6 is a characteristic drawing illustrating 
control of a steering actuator, showing an example of 
setting of a basic gear ratio according to the vehicle 
speed; 

io Fig. 7 is a characteristic drawing for correcting 

the gear ratio according to the tire load; 

Fig. 8 is a schematic drawing showing a 

construction of the vehicle steering apparatus according to 

a second embodiment of the present invention; 
is Fig. 9 is a drawing showing a characteristic 

(assist characteristic) of a basic target value for driving 

the steering actuator with respect to a steering torque; 

Fig. 10 is a drawing showing a characteristic of a 

drive correcting value for correcting the basic target 
20 value for driving the steering actuator according to the 

tire load; 

Fig. 11 is a conceptual drawing illustrating a 
construction of the vehicle steering apparatus according to 
a fourth embodiment of the present invention; 
25 Fig. 12 is a flowchart for illustrating a process 

to be executed by the control unit for informing 
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information to the driver by control of the reaction force 
actuator or via an alarm unit; and 

Fig. 13 is a diagrammatic drawing showing a 
construction of the vehicle steering apparatus according to 
s a fifth embodiment of the present invention. 

Reference numerals in the drawings are as follows . 
1: steering wheel; 2: steering actuator; 4: turning 
shaft; 5: steerable wheel; 9: reaction force actuator; 11: 
operating angle sensor; 12: torque sensor; 13: turning 
10 angle sensor; 14: control unit; 14a: antenna; 15: vehicle 
speed sensor; 17: drive circuit; 18: drive circuit; 19; 
alarm unit; 21: vehicle steering apparatus; 22: steering 
wheel; 24: steering mechanism; 26: planetary gear 
mechanism; 27: turning shaft; 27a: rack; 29: steerable 
is wheel; 32: steering actuator; 34: pinion; 35: sun gear; 36; 
carrier; 37: planetary gear; 33: ring gear; 39; drive 
transmission gear; 40: reaction force actuator; 44: 
steering angle sensor; 45: torque sensor; 46: turning angle 
sensor; 47: vehicle speed sensor; 48: drive circuit; 51: 
20 tread portion; 52L: left side wall portion; 52R: right side 
wall portion; 

Reference signs in the drawings are as follows . 
C: control unit; Ca : antenna; SA: stress sensor; 
SL: left side stress sensor; SP: air pressure sensor; SR: 
25 right side stress sensor; W: tire; WL: left tire; WR: right 
tire; SI; operating angle sensor; S2: torque sensor; S3: 

22 



03-10-30J 6!57PM;NGB patent dept 



McGINN & GIBB 



; 81 3 55 6 1 3S56 



# 25/ 88 



turning angle sensor; S4: axial force sensor; S5; vehicle 
speed sensor; S6: fore-and-aft acceleration sensor; S7; 
lateral acceleration sensor; SB: yaw rate sensor; S9: 
stroke sensor; S10: brake fluid sensor; Sll: load sensor; 
5 S12: current detecting unit; 



Detailed Description of the Preferred Embodiments 

Referring now to the attached drawings , embodiments 
of the present invention will be described. 

10 

<First Embodiment> 

Fig. 1 is a conceptual drawing illustrating a 
construction of a vehicle steering apparatus according to a 
first embodiment of the present invention. The vehicle 

is steering apparatus is a so-called steer-by-wire (SBW) 
system in which mechanical linkage between a steering wheel 
1 and a steering mechanism is eliminated / and steering is 
achieved by converting the motion of a steering actuator 2 
driven according to the rotary operation of the steering 

20 wheel 1 into a linear movement of a turning shaft 4 
supported by a housing 3 in the widthwise direction of the 
vehicle, and converting in turn the linear movement of the 
turning shaft 4 into the turning movement of the front left 
and right steerable tired-wheels 5. 

25 The steering actuator 2 includes an electric motor, 
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such as a blushless motor. The drive force of the steering 
actuator 2 (rotational force of the output shaft) is 
converted into the linear movement of the turning shaft 4 
in the axial direction {direction of the width of the 
5 vehicle) by a motion converting mechanism (for example, a 
ball screw mechanism) provided in relation to the turning 
shaft 4. The linear movement of the turning shaft 4 is 
transmitted to a tie-rod 6 provided projectingly from both 
ends of the turning shaft 4, and then causes rotation of a 

10 knuckle arm 7 coupled to a king pin P via the tie-rod 6, 
Accordingly, turning movement of the wheel 5 supported by 
the knuckle arm 7 is achieved. The turning shaft 4, the 
tie-rod 6, and the knuckle arm 7 constitutes a steering 
mechanism for turning the steerable tired-wheel 5. 

15 The steering wheel X is linked to a revolving shaft 

8 rotatably supported with respect to the vehicle body. 
The revolving shaft 8 is attached with a reaction force 
actuator 9 to provide an operation reaction force to the 
steering wheel 1. The reaction force actuator 9 includes 

20 an electric motor such as a blushless motor having an 
output shaft which is integral with the revolving shaft 8. 

At an end of the revolving shaft 8 opposite from 
the steering wheel 1 is provided with a resilient member 10 
constructed of spiral spring or the like connected to the 

25 vehicle body. The resilient member 10 restores the 
steering wheel 1 to the straight-ahead position by its 
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resilient force when the reaction force actuator 9 is not 
applying a torque to the steering wheel 1. 

In order to detect a,n operation input value of the 
steering wheel 1/ an operating angle sensor 11 for 
5 detecting the operating angle of the steering wheel 1 
relating to the revolving shaft 8 is provided. In addition, 
the revolving shaft 8 is provided with a torque sensor 12 
for detecting the operating torque applied to the steering 
wheel 1, On the other hand, a turning angle sensor 13 for 

10 detecting the turning angle (tire angle) of the steerable 
tired-wheel 5 relating the turning shaft 4 is provided. 

In addition, as described later, inside a tire W 
attached on the wheel 5, there are provided a left side 
stress sensor SL and a right side stress sensor SR for 

is detecting stresses applied to the left and the right side 
walls of the tire W, and an air pressure sensor SP for 
detecting the air pressure of the tire W. 

Detection signals supplied from the operating angle 
sensor 11, the torque sensor 12, the turning angle sensor 

20 13, the stress sensor SL, SR, and the air pressure sensor 
SP are supplied to a control unit 14 constructed of an 
electric control unit (ECU) including a microcomputer. 
However, signals detected by the stress sensors SL, SR and 
the air pressure sensor SP are received by the control unit 

25 14 via wireless communication via an antenna 14a* 

The control unit 14 determines a steering 
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instruction value based on the operating angle detected by 
the operating angle sensor 11, the turning angle detected 
by the turning angle sensor 13, the vehicle speed detected 
by a vehicle speed sensor 15, the stresses applied on the 
5 tire detected by the stress sensors SL, SR, and the air 
pressure of the tire detected by the air pressure sensor 
SP, and based on the steering instruction value, controls 
the steering actuator 2 via a drive circuit 17. 

Since the steering wheel 1 and the steering 

10 mechanism are not mechanically linked, VGR (Variable Gear 
Ratio) function in which the amount of rotation of the 
steering wheel 1 and the amount of turn of the wheel 5 
(transmission ratio, gear ratio) are variably set is 
achieved. In other words, for example, the control unit 14 

is sets the gear ratio based on the vehicle speed detected by 
the vehicle speed sensor 15 and the tire load detected by 
the stress sensors SL, SR and/or the air pressure sensor 
SP, and based on the gear ratio and the operating angle of 
the steering wheel 1, sets the steering instruction value 

20 corresponding to the voltage to be applied to the steering 
actuator 2. 

On the other hand, the control unit 14 controls the 
reaction force actuator 9 via the drive circuit 18 based on 
the operating angle detected by the operating angle sensor 
25 11, the operating torque detected by the torque sensor 12, 
the vehicle speed detected by the vehicle speed sensor 15, 



26 



0 3-1 0-3 0; 6 : 57PM J NG6 PATENT DEPT 



MCGINN & GIBB ;81 35561 3956 



# 29/ 88 



and the tire load detected by the stress sensors SL, SR 
and/or air pressure sensor SP so that an adequate reaction 
force is generated in the direction opposite to the 
operating direction of the steering wheel 1, 
5 An alarm unit 19 provided, for example, on an 

instrument panel of the vehicle is connected to the control 
unit 14. The alarm unit 19 may be constructed of an alarm 
sound generating device or of an alarm display device 
providing an alarm display {lamp indication or message 

io display) * The control unit 14 generates an alarm from the 
alarm unit 19 when a predetermined abnormality that might 
require maintenance is detected. 

Fig- 2 is a diagrammatic cross-sectional view 
illustrating a construction of a tire W of a steerable 

is tired-wheel 5. The tire w includes a tread portion 51 
which comes into contact with the road surface and a pair 
of side wall portions 52L, 52R joined to both sides of the 
tread portion 51. The right side stress sensor SR is 
disposed on the inner wall surface of the side wall portion 

20 52R on the right side when viewed toward the direction of 
travel of the vehicle, and the left side stress sensor SL 
is disposed on the inner wall surface of the side wall 
portion 52L on the left side when viewed toward the 
direction of travel of the vehicle. On the inner wall 

25 surface of the tread portion 51, there is disposed the air 
pressure sensor SP. Alternatively, for example, a stress 
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sensor SA may be embedded in the tread portion 51. 

The right side stress sensor SR and the left side 
stress sensor SL detect stresses applied to the right side 
wall portion 52R and the left side wall portion S2L 
5 respectively, and includes a sensor unit such as a strain 
gauge, a transponder unit for transmitting detection 
signals of the sensor unit by radio, and an electricity 
storing unit for converting the rotational movement of the 
tire W into an electric energy and storing the converted 

10 energy, so as to be operated by the electric energy stored 
in the electricity storing unit* Likewise, the air 
pressure sensor SP is disposed inside the tire W, and 
includes a sensor unit for detecting the internal air 
pressure of the tire W, the transponder unit for 

is transmitting the detection signals of the sensor unit by 
radio, and the electricity storing unit for converting the 
rotational movement of the tire W into the electric energy, 
and storing the converted electric energy, so as to be 
operated by the stored electric energy. The signals 

2o emitted from the transponder unit is received by the 
control unit 14 via an antenna 14a. 

The stress sensor and the air pressure sensor as 
described above may be those which is publicly known, such 
as ones disclosed in Patent Document 2 and Patent Document 

25 2. 

Fig, 3 is a diagrammatic drawing for illustrating 

28 



03-10-30J B:57PM;NGB PATENT DEPT 



McGINN & GIBB 1813 556 1 39 5 6 



# 31/ 88 



deformation of the tire W at the time of cornering. Fig. 
3A shows a cross sectional areas of left and right tires 
WL, WR in a case in which the vehicle is steered toward the 
left on the road surface which is relatively low in 
5 fractional coefficient, and Fig* 3B shows a cross sectional 
areas of the left and the right tires WL, WR in a case in 
which the vehicle is steered toward the left on the road 
surface which is relatively high in fractional coefficient. 
Both of Fig. 3A and Fig. 3B show the cross sectional areas 

10 of the tire WL, WR when viewed from the rear of the vehicle 
toward the direction of travel of the vehicle • 

Deformation of the left tire WL out of the left and 
the right tires WL, WR, which is located on the inner side 
with respect to the steering direction, is relatively 

is small, and deformation of the right tire WR which is 
located on the outer side with respect to the steering 
direction is relatively large. For both of the left and 
the right tires WL, WR, deformation on the left side wall 
portion, which is located on the inner side with respect to 

20 the steering direction, is smaller and deformation of the 
right side wall portion, which is located on the outer side 
with respect to the steering direction, is larger. Such 
deformation increases with the frictional coefficient of 
the road surface. 

25 In the present embodiment, the control unit 14 

identifies a tire, which is located on the outer side with 
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respect to the steering direction, based on the output 
signal of the turning angle sensor 13, and refers the 
output of the left and the right stress sensors SL, SR 
mounted to the tire (in the example shown in Fig. 3, the 
5 right tire WR) , More specifically, the difference AT 
between a stress To of the outer side wall portion detected 
by the right side stress sensor SR for detecting the stress 
of the right side wall portion 52R, which is located to the 
outer side with respect to the steering direction and a 

10 stress Ti of the inner side wall portion detected by the 
left side stress sensor SL for detecting the stress of the 
left side wall portion 52L, which is located on the inner 
side with respect to the steering direction is obtained 
(=To-Ti) . Further, the control unit 14 obtains a first 

as time derivative of the difference of stress At of the left 
and the right side wall portions (stress variation speed, 
tire load variation speed) or a second time derivative 
(stress variation acceleration, tire load variation 
acceleration) , and drives the steering actuator 2 and the 

20 reaction force actuator 9 based on the tire load variation 
speed or the tire load variation acceleration obtained in 
this manner. 

Fig. 4 is a control characteristic drawing showing 
an example of the control mode of the reaction force 
25 actuator 9. The control unit 14 sets a target value for 
driving the reaction force actuator, which varies, for 
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example, linearly within a certain region according to the 
tire load variation speed or the tire load variation 
acceleration in the tire on the outer side with respect to 
the steering direction, and supplies a control signal to 
5 the drive circuit 18 so that the target value for driving 
the reaction force actuator is achieved. In the 
characteristic drawing shown in Fig. 4, the target value 
for driving the reaction force actuator, which increases 
linearly with the tire load variation speed or the tire 

10 load variation acceleration for tire load variation speeds 
or tire load variation accelerations over a certain value, 
and the target value for driving the reaction force 
actuator to be set increases with the vehicle speed 
detected by the vehicle speed sensor 15. 

is Accordingly, the reaction force transmitted to the 

driver increases with the variation speed or the variation 
acceleration of the tire load, and the reaction force to be 
transmitted to the driver via the steering wheel 1 
increases with the vehicle speed. 

20 Fig. 5 is a conceptual drawing showing a state of 

giving and receiving information among the driver, the 
vehicle and the road surface. For example, from the road 
surface, a disturbance such as lateral wind is exerted to 
the vehicle, and information such as traffic information is 

25 supplied, for example, as ITS (Intelligent Transport 
Systems) electronic information from an infrastructure 
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disposed in the road traffic network to the vehicle. In 
addition, the road conditions such as rutted road, cant 
road, wave road, or snowy . road are transmitted to the 
vehicle through the tire. 
5 On the other hand, from the vehicle to the driver, 

information on the road conditions (low- frequency 
information) as well as transient information on the tire 
supporting surface described above are transmitted by 
control of the reaction force actuator 9 (reaction force 
10 control) by the control unit 14 (ECU: electronic control 
unit) via the steering wheel- In addition, information of 
instability of the steering system or alarm is informed to 
the driver by display or by sound through the alarm unit 19 
described above. 

is The reaction force actuator 9 can inform 

information on the road surface, which is low-frequency 
information, to the driver via the steering wheel by being 
controlled based on the torque generated by the steering 
actuator 2 or the output of the turning angle sensor 13. 

20 Simultaneously with such control, transient information on 
the tire supporting surface is informed to the driver via 
the steering wheel 1 by the reaction force actuator 9 being 
controlled according to the tire load variation speed or 
the tire load variation acceleration as described above, 

25 Information on instability of the steering system, 

which is informed by the alarm unit 19, includes tire 

32 



03-1 0-3 0; 6 : 57PM i NGB PATENT DEPT 



McG INN & G I BB 



181 355613956 



# 35/ 88 



balance or occurrence of shimmy. Although such information 
may be informed to the driver via control of the reaction 
force actuator 9, it is more effective to inform visually 
or acoustically to the driver using the alarm unit 19 for 
$ urging the driver to perform maintenance. 

The control unit 14 further controls the steering 
actuator 2 according to the output of the operating angle 
sensor 11 or the tire load detected by the stress sensors 
SL, SR and the air pressure sensor SP (steering control) . 

10 On the other hand, in addition to information 

informed by the alarm unit 19 or the steering wheel 1, the 
driver senses an acceleration G on the vehicle, and also 
senses the vehicle speed V, the yaw rate y, the roll 4>, and 
the pitch T • Based on such information, the driver 

is controls the steering wheel 1 for performing precognitive 
control, tracking control and correction control. 

Precognitive control is a kind of control to be 
performed by the driver while forecasting the coming 
conditions. Tracking control is a kind of control to track 

20 a certain behavior of the vehicle which is intended by the 
driver as a target. Correction control is a kind of control 
to correct a disturbance such as lateral wind. These types 
of control are performed based on knowledge of the driver 
relating to the operation of the vehicle, and such 

25 knowledge may be classified into a knowledge based on the 
skill, a knowledge based on the rule, and a knowledge based 
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on the intelligence. 

The skill-based knowledge relating the operation is 
a knowledge taken by the body, that is, a knowledge that 
makes himself /herself act spontaneously based on 
5 information taken through five senses without 
consciousness* The rule-based knowledge relating the 
operation is a knowledge that makes himself /herself act 
according to the judgment (for example, whether or not 
certain conditions are conformed) based on the memory of 

10 the driver, that is, a knowledge relating to the patterned 
action. The intelligence-based knowledge relating to the 
operation is not a knowledge relating to the patterned 
action, but an advanced knowledge that makes 
himself /herself act through a thought which is conscious, 

is abstract, and logical thought. 

For example, road surface information informed to 
the driver via the steering wheel 1 as low- frequency 
information works with the driver's rule-based knowledge 
and urges him/her to perform the patterned driving action, 

20 In contrast, transient information on the tire supporting 
surface informed to the driver also via the steering wheel 
1 works with the driver' s intelligence-based knowledge and 
is used for an advanced determination (such as whether or 
not the vehicle is at the critical point where the steering 

25 torque is released) . 

In this manner, according to the present 
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embodiment/ the reaction force actuator 9 is controlled 
according to the tire load, which is directly detected by 
the lift and the right t stress sensors SL, SE and the air 
pressure sensor SP attached on the tire. Therefore, since 
s reaction force control can be preformed adequately without 
depending on the mechanical construction of the steering 
mechanism, application of the vehicle adaptation technology 
for differentiating reaction force control for every 
individual vehicle or type of vehicle may be reduced or 

10 eliminated • Accordingly, the period required for 

development of the vehicle steering apparatus may 
significantly be shortened* 

Since the present invention is constructed to 
detect the condition of load applied to the tire W detected 

is by the left and the right stress sensors SL, SR, and the 
air pressure sensor SP, and to perform reaction force 
control using the detected conditions, complicated 
computing process is not necessary, and thus the reaction 
force actuator 9 may be controlled with a high-speed 

20 responsibility in the order of several tens milliseconds - 
Therefore, transient information on the tire supporting 
surface such as the critical limit of grip can be informed 
to the driver via the steering wheel 1 . 

Fig. 6 is a characteristic drawing illustrating 

25 control of the steering actuator 2, showing an example of 
setting of a basic gear ratio according to the vehicle 
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speed. As described above, in the steer*-by-wire system, the 
gear ratio (turned amount/operated amount) , which 
corresponds to the operated .amount of the steering wheel 1 
with respect to the turned amount of the tired-wheel 5 can 
s be set as desired. Therefore, utilizing this 

characteristic, speed-sensitive variable gear ratio control 
may be performed. More specifically, in the low-speed 
region, the basic gear ratio is held at a constant value at 
a relatively high level, and in the middle-high speed 

10 region, the basic gear ratio is set to be decreased 
linearly with respect to increase of the vehicle speed. 
Accordingly, when steering in the low-speed region, in 
which steering at large angles may be performed, the load 
of driver is alleviated, while in the middle-high speed 

is region where steering at large angles are not to be 
performed, the amount of turn is reduced to prevent the 
vehicle from wobbling. 

Fig. 7 is a characteristic drawing for correcting 
the gear ratio according to the tire load, and showing 

20 relation between the amount of gear ratio correction for 
correcting the basic gear ratio by adding the tire load and 
the amount of variation of the tire load (for example, the 
amount of variation of the tire load located on the outer 
side with respect to the steering direction) . 

25 The amount of variation of the tire load 

corresponds to the deviation with respect to the reference 
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value , that is, the amount of the tire load (such as the 
air pressure, the stress, difference of stress between the 
left and the right side walls of the tire) at the moment 
when the ignition switch of the vehicle is turned on and 
5 the control unit 14 is activated- The amount of variation 
of the tire load varies dynamically according to the road 
conditions or traveling conditions (such as traveling 
straight ahead, or traveling along a curve) while the 
vehicle is traveling. However, it is preferable that the 

10 amount of variation of the tire load represents an amount 
of variation of the tire load which is obtained by 
measuring for a relatively long period, such as an average 
of sampling, average of movement, or process value of low- 
pass filter per a predetermined period. Accordingly, 

is control which is excessively sensitive to the amount of 
variation of the tire load is prevented. 

In the example shown in Fig, 7, the correction 
amount of the gear ratio is set to increase with the amount 
of variation of the tire load. Therefore, by setting the 

20 basic gear ratio to a gear ratio corrected by the 
correction amount of the gear ratio (basic gear ratio + 
amount of correction of gear ratio) , a suitable gear ratio 
corresponding to the tire load is achieved, and thus 
steerability of the vehicle is improved. In other words, 

25 improved operability of the steering wheel 1 under the 
condition in which the amount of variation of the tire load 
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is significant (when traveling in mountains) is achieved. 

In addition, in the example shown in Fig. 7, the 
correction amount of the gear ratio is set to decrease with 
increase in vehicle speed. Therefore, when the higher the 
5 vehicle speed, the lower the variations of the gear ratio 
according to the tire load becomes, and thus steering 
control which sensitively reflects the condition of the 
tire load may be performed in the low speed range, and 
steering stability may be achieved in the middle-high speed 
10 range by reducing variations of the gear ratio* 

<Second Embodiment> 

Fig. 8 is a schematic drawing showing a 
construction of a vehicle steering apparatus according to a 

is second embodiment of the present invention- A vehicle 
steering apparatus 21 includes a first steering shaft 23 
linked to a steering wheel 22 as an operating member so as 
to be capable of rotating integrally therewith, a second 
steering shaft 25 provided coaxially with the first 

20 steering shaft 23 and linked to the steering mechanism 24 
such as rack-and-pinion mechanism, and a planetary gear 
mechanism 26 as a planetary transmission mechanism 
constituting a differential transmission mechanism for 
allowing the differential rotation between the first and 

2S the second steering shafts 23, 25. 

The steering mechanism 24 includes a turning shaft 
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27 disposed so as to extend laterally of the vehicle, and 
knuckle arms 30 connected to both ends of the steering 
shaft 27 via tie rods^ 28 .for supporting the steerable 
tired-wheels 29. The steering shaft 27 is rotatably 
5 supported by a housing 31 so as to be capable of sliding 
movement in the axial direction, and a steering actuator 32 
constructed of an electric motor is coaxially integrated to 
the midsection thereof. The rotary motion of the steering 
actuator 32 is converted into a sliding movement of the 

io turning shaft 27 by a movement converting mechanism such as 
a ball screw mechanism, and turning of a wheel 29 is 
achieved by the sliding movement of the turning shaft 27. 

A rack 27a is formed at a part of the turning shaft 
27, and a pinion 34 which is provided at the end of the 

is second steering shaft 25 and rotates integrally with the 
second steering shaft 25 engages to the rack 27a. In the 
case where the steering actuator 32 is in failure, when the 
second steering shaft 25 is rotated according to the 
operation of the steering wheel 22, rotation of the second 

20 steering shaft 25 is converted into a sliding movement of 
the turning shaft 27 by the pinion 34 and the rack 27a, and 
turning of the wheel 29 is achieved. 

The planetary gear mechanism 26 includes a sun gear 
35 connected to the end of the first steering shaft 23 so 

25 as to be capable of rotating integrally therewith and 
situated on the input side, a plurality of planetary gears 
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37 supported by a carrier 36 on the output side so as to be 
capable of rotating and meshed with the sun gear 35, and a 
ring gear 38 as a ring pember having internal teeth 38a to 
be meshed with the respective planetary gears 37 on the 
5 inner periphery thereof. 

The ring gear 38 constitutes for example a worm 
wheel by forming external teeth 38b. The external teeth 
38b is linked to a reaction force actuator 40 for applying 
an operation reaction force to the steering wheel 22, for 
10 example, via a drive transmission gear 39 constructed, for 
example, of a worm. The reaction force actuator 40 is 
constructed for example of an electric motor, and the 
casing thereof is secured to suitable positions of the 
vehicle body. 

is The steering actuator 32 and the reaction force 

actuator 40 are adapted to be controlled by a control unit 
C (ECU: electronic control unit) including a CPU 61, a ROM 
62 having a control program and the like stored therein, 
and a RAM 63 to be used as a work area for computing 

20 process. 

The first steering shaft 23 is provided with a 
steering angle sensor 44 as steering angle detecting means 
for detecting the steering angle of the steering wheel 22, 
and a torque sensor 45 as steering torque detecting means 
2S for detecting the steering torque supplied form the 
steering wheel 22. The detection signal from the steering 
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angle sensor 44 and the torque sensor 45 are supplied to 
the control unit C. 

In addition, the turning shaft 27 is provided with 
a turning angle sensor 4 6 for detecting the turning angle 
s of the wheel 29 by detecting the axial position of the 
turning shaft 27, and the detection signal from the turning 
angle sensor 4 6 is supplied to the control unit C* The 
detection signal from a vehicle speed sensor 47 for 
detecting the vehicle speed is also supplied to the control 
10 unit C. 

The tire air pressure sensor . SP, the left side 
stress sensor SL, and the right side stress sensor SR are 
provided within the tire of the wheel 29 as tire load 
detecting means as in the case of the first embodiment 

is described above. The output signals from these sensors are 
taken into the control unit C via an antenna Ca by radio 
communication . 

The control unit C outputs control signals to drive 
circuits 48, 4 9 as drive units for driving the steering 

20 actuator 32 and the reaction force actuator 40 respectively 
based on the input signals from the above-described 
sensors * 

The control unit C always observes whether the 
turning system is operated normally. More specifically, 
25 occurrence of abnormalities in at least one of the turning 
angle sensor 46 and the steering actuator 32 is observed. 
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When no abnormality exists in the turning system, 
the control unit C generates a torque for providing a 
steering reaction force .corresponding to the reaction force 
of the road surface to the steering wheel 22 by the 
s reaction force actuator 40 « 

The control unit C drives the steering actuator 32 
by setting a voltage instruction value of the steering 
actuator 32 according to the operating amount of the 
steering wheel 22, and providing the control signal 

10 according to the voltage instruction value to the drive 
circuit 48. Though the steering wheel 22 and the steering 
mechanism 24 are connected with each other via the 
planetary gear mechanism 26, the steering torque applied to 
the steering wheel 22 is not substantially transmitted to 

is the steering mechanism 24 in a state in which the reaction 
force actuator 40 is operated only for providing a steering 
reaction force to the steering wheel 22 without 
substantially constraining rotation of the ring gear 38. 
In this sense, it can be said that the construction shown 

20 in Fig. 8 is a steer-by-wire (SBW) type vehicle steering 
apparatus/ and is capable of variable gear ratio control as 
in the case of the first embodiment described above. 

In this embodiment, the control unit C controls the 
reaction force actuator 40 based on the tire load detected 

25 by the stress sensors SL, SR and/or the air pressure sensor 
SP according to the characteristics shown in Fig. 4 as in 



42 



03-10-30; 6:57PM;NGB PATENT DEPT 



M c G I N N & GIBB 



J81 355613956 



# 45/ 88 



the case of the control unit 14 in the first embodiment 
described above. Accordingly, not only low- frequency 
information representing the road conditions, but also 
high-frequency information such as transient information on 
5 the tire supporting surface may be transmitted to the 
driver via the steering wheel 22- 

In addition, as in the case of the control unit 14 
in the first embodiment described above, the control unit C 
variably sets the based gear ratio (See Fig. 6) according 

10 to the vehicle speed, variably sets the correction amount 
of the gear ratio (see Fig. 7) according to the amount of 
variation of the tire load and the vehicle speed, and 
controls the steering actuator 32 based on the gear ratio 
obtained by correcting the basic gear ratio with correction 

is amount of the gear ratio (=basic gear ratio + correction 
amount of the gear ratio) . Accordingly, steering control 
reflecting the road conditions and the tire load conditions 
adequately is achieved. 

When any abnormalities occurred in the turning 

20 system, the control unit C stops controlling of the 
steering actuator 32 to allow the steering actuator 32 to 
be free to rotate, and constrains the rotation of the ring 
gear 38 by the reaction force actuator 40, so that the 
steering torque applied to the steering wheel 22 is 

25 transmitted to the steering mechanism 24. In this case, 
the steering operation can be assisted and the gear ratio 
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can be variably controlled by controlling the reaction 
force actuator 40, 

<Third Embodiment > 
5 Subsequently, referring back to Fig. 8, a third 

embodiment of the present embodiment will be described. In 
the third embodiment, the actuator 40 is used as a gear 
ratio changing actuator for variable gear ratio control , 
and the steering actuator 32 is used as a steering assist 

lo actuator for generating a steering assist force to be 
applied to the steering mechanism 24, 

In other words, the control unit C sets the basic 
gear ratio according to the characteristics shown in Fig. 6 
described above and obtains the gear ratio by correcting 

is the basic gear ratio by the gar ratio correction amount 
according to the characteristics shown in Fig. 7. Based on 
the obtained gear ratio (=basic gear ratio + correction 
amount of the gear ratio) , the control unit C controls the 
reaction force actuator 40 and rotates the ring gear 38 for 

20 transmitting the rotation of the steering wheel 22 
mechanically to the steering mechanism 24 at the specific 
gear ratio. Simultaneously, the control unit C drives the 
steering actuator 32 based on a target value for driving 
(target current value or target voltage value) set in 

25 accordance with the steering torque detected by the torque 
sensor 45 and the vehicle speed detected by the vehicle 
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speed sensor 47, Accordingly, the steering assistance is 
achieved* 

In this arrangement, a power steering apparatus 
being capable of variable gear ratio control according to 
5 the tire load is realized, and thus preferable steering 
characteristics are realized* 

In addition, for example, it is also possible to 
set the basic target value for driving of the steering 
actuator 32 according to such assist characteristic as to 

10 increase with the absolute value of a steering torque T and 
decrease with increase in the vehicle speed (the torque 
range from -Tl to Tl is a blind sector) as shown in Fig- 9, 
and then sets the target value for driving of the steering 
actuator 32 by correcting the basic target value for 

is driving by a drive correction value (£0) according to the 
characteristics shown in Fig. 10. However, the target 
value for driving may be obtained by an equation (target 
value for driving = basic target value for driving + drive 
correction value) when being steered toward the right/ and 

20 by an equation (target value for driving » basic target 
value for driving - drive correction value) when being 
steered toward the left. 

In the example in Fig. 10, for example, the 
correction value to be set increases with the tire load 

25 variation speed or in the tire load variation acceleration 
of the tire on the outer side with respect to the steering 
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direction (first time derivative or the second time 
derivative of the difference of the detected stress value 
on the left and the right side walls), so that the basic 
target value for driving is corrected to a large extent, 
s In addition, the correction value decrease with increase in 
the vehicle speed* 

In this manner, since the extent of correction 
applied to the target value for driving increases with the 
absolute value of the tire load variation speed or the tire 

10 load variation acceleration, an adequate steering assist in 
accordance with the road conditions or the tire load is 
achieved. In addition, when the vehicle speed is high, a 
stable steering characteristic is achieved by reducing the 
correction amount according to the tire load. 

15 Thought three embodiments of the present invention 

have been described, the present invention may be embodied 
in other modes * For example, in a normal electric power 
steering apparatus in which the steering wheel and the 
steering mechanism is linked by the steering shaft with the 

20 intermediary of a torsion bar, and a steering assist force 
is applied to the steering mechanism from an electric 
motor, steering assist according to the road conditions or 
the tire load is achieved by controlling the electric motor 
according to the characteristics shown in Fig, 9 and Fig. 

25 10 . 

The present invention may also be applied to a 
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power steering apparatus constructed in such a manner that 
a hydraulic pressure is generated by a pump driven by an 
electric motor, and a .drive force generated by a power 
cylinder driven by this hydraulic pressure is transmitted 
s to the steering mechanism. In other words, steering assist 
with a desirable responsibility with respect to the road 
conditions or the like by correcting the basic target value 
for driving of the electric motor according to the tire 
load. 

10 

<Fourth Embodiment> 

Fig. 11 is a conceptual ' drawing illustrating a 
construction of a vehicle steering apparatus according to a 
fourth embodiment of the present invention. The parts or 

is means represented by the same reference numerals as Fig. 1 
are not described here. 

In the vehicle steering apparatus shown in Fig. 11, 
an operating angle sensor SI for detecting the operating 
angle of the steering wheel 1 is provided relating to the 

20 revolving shaft 8 in order to detect an operating input 
value of the steering wheel 1- The revolving shaft 8 is 
provided with a torque sensor S2 for detecting the 
operating torque applied to the steering wheel 1, On the 
other hand, relating to the turning shaft 4, a turning 

25 angle sensor S3 for detecting the turning angle of the 
steerable tired-wheel 5 (tire angle) and an axial force 
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sensor S4 for detecting the axial force applied to the 
turning shaft 4 are provided. 

In addition to t;hese« sensors, there are provided a 
vehicle speed sensor S5 for detecting the vehicle speed, a 
s fore-and-aft acceleration sensor S6 for detecting 
acceleration in the fore-and-aft direction of the vehicle, 
a lateral acceleration sensor S7 for detecting the lateral 
acceleration of the vehicle, a yaw rate sensor S8 for 
detecting the yaw rate of the vehicle, a stroke sensor S9 

10 for detecting the stroke (displacement) of a shock 
absorber, a brake fluid sensor S10 for detecting the 
pressure of the brake oil, a load sensor Sll for detecting 
the load of the vehicle, and a current detecting unit S12 
for detecting a drive current supplied from the drive 

is circuit 17 to the steering actuator 2 (a force applied to 
the turning shaft 4 may be detected indirectly by detecting 
the drive current) . 

In addition, as is described later, the left side 
stress sensor SL and the right side stress sensor SR for 

20 detecting stresses applied to the left and the right side 
walls of the tire W, and the air pressure sensor SP for 
detecting the air pressure of the tire W are provided* 

The detection signals from these sensors S1-S12, 
SL, SR, SP are supplied to the control unit 14 constructed 

25 of an electronic control unit (ECU) including a 
microcomputer. However, the detection signal from the 
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stress sensors SL, SR, and the air pressure sensor SP are 
received by the control unit 14 via the antenna 14a by 
radio communication. 

The control unit 14 sets the steering instruction 
s value based on the operating angle detected by the 
operating angle sensor SI, the turning angle detected by 
the turning angle sensor S3, the vehicle speed detected by 
the vehicle speed sensor S5, the tire stress detected by 
the stress sensors SL, SR, and the air pressure of the tire 

10 detected by the air pressure sensor SP, controls the 
steering actuator 2 via the drive circuit 17 according to a 
steering instruction value. 

Since the steering wheel 1 and the steering 
mechanism are not mechanically linked, VGR (Variable Gear 

is Ratio) function in which the amount of rotation of the 
steering wheel 1 and the amount of turn of the wheel 5 
(transmission ratio, gear ratio) are variably set is 
achieved. In other words, for example, the control unit 14 
sets the gear ratio based on the vehicle speed detected by 

20 the vehicle speed sensor S5 and the tire load detected by 
the stress sensors SL, SR and/or the air pressure sensor 
SP, and based on the gear ratio and the operating angle of 
the steering wheel 1, sets the steering instruction value 
corresponding to the voltage to be applied to the steering 

25 actuator 2. 

On the other hand, the control unit 14 controls the 
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reaction force actuator 9 via the drive circuit 18 based on 
the detection signals supplied from the sensors S1-S12 so 
that an adequate reaction force in the direction opposite 
from the operating direction of the steering wheel 1 is 
5 generated. 

The alarm unit 19 provided on an instrument panel 
of the vehicle is connected to the control unit 14. The 
alarm unit 19 may be constructed of an alarm sound 
generating device or of an alarm display device providing 

10 an alarm display (lamp indication or message display) . The 
control unit 14 generates an alarm from the alarm unit 19 
when a predetermined abnormality or a predetermined 
traveling states {traveling on the punishing road, 
generation of flutter, and occurrence of unbalance) based 

is on the output signals from the sensors S11-S12 (especially, 
the turning angle sensor S3, the vehicle speed sensor S5, 
and the stroke sensor S9) . 

Fig. 2 is a diagrammatic cross-sectional view 
illustrating a construction of a tire W of the steerable 

20 tired-wheel 5. The tire W includes a tread portion 51 
which comes into contact with the road surface and a pair 
of side wall portions 52L, 52R joined to both sides of the 
tread portion 51. The right side stress sensor SR is 
disposed on the inner wall surface of the side wall portion 

25 52R on the right side when viewed toward the direction of 
travel of the vehicle, and the left side stress sensor SL 
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is disposed on the inner wall surface of the side wall 
portion 52L on the left side when viewed toward the 
direction of travel of the, vehicle. On the inner wall 
surface of the tread portion Si, there is disposed an air 
5 pressure sensor SP. Alternatively, for example, the stress 
sensor SA may be embedded in the tread portion 51- 

The right side stress sensor SR and the left side 
stress sensor SL detect stresses applied to the right side 
wall portion 52R and the left side wall portion S2L 

10 respectively, and includes a sensor unit such as a strain 
gauge, a transponder unit for transmitting detection 
signals of the sensor unit by radio, and an electricity 
storing unit for converting the rotational movement of the 
tire W into electric energy and storing the converted 

15 energy, so as to be operated by the electric energy stored 
in the electricity storing unit. Likewise, the air 
pressure sensor SP is disposed inside the tire W, and 
includes the sensor unit for detecting the internal air 
pressure of the tire W, the transponder unit for 

20 transmitting the detection signals of the sensor unit by 
radio, and the electricity storing unit for converting the 
rotational movement of the tire W into electric energy, and 
storing the converted electric energy, so as to be operated 
by the stored electric energy. The signals emitted from 

25 the transponder unit is received by the control unit 14 via 
the antenna 14a. 
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The stress sensor and the air pressure sensor may 
be those which is publicly known, such as ones disclosed in 
Patent Document 2 and Patent, Document 3, as in the case of 
the first embodiment, 
s In this embodiment, the control unit 14 determines 

the presence of information to be informed to the driver 
based on the analytic solution (frequency characteristic 
obtained by derivatives , integrals , power spectrum analysis 
of vibrations) obtained by analyzing vibrations of the 

10 steering system (such as flutter or shimmy caused by 
abnormal control due to faulty maintenance or abnormal 
signals relating to consumable goods or components of the 
mechanism) , or vibrations in tire and suspension system 
(vibrations due to unbalance) by processing signals such as 

is signals from displacement sensors (such as the operating 
angle sensor Si, the turning angle sensor S3, or the stroke 
sensor S9) provided on the vehicle and/or each component 
(at the positions where the physical amount relating to the 
movement of the vehicle is detected) and signals from the 

20 acceleration sensor (such as the fore-and-aft direction 
acceleration sensor S6 and the lateral acceleration sensor 
S7) , In addition, when there is any information to be 
informed to the driver, whether or not such information 
should be transmitted to the driver as an operation 

2S reaction force, or visually or acoustically via the alarm 
unit 19 is determined, and then the specific information is 

52 



03-10-30) 6I57PMINGB PATENT DEPT 



McGINN & GIBB 



181355613956 



# 55/ 88 



transmitted to the driver in a manner according to the 
results of determination. 

The control unit 14 , further controls the steering 
actuator 2 based on the output of the operating angle 
5 sensor SI or the tire load detected by the stress sensors 
SL, SR and the air pressure sensor SP (steering control) . 

On the other hand, in addition to information 
informed by the alarm unit 19 or the steering wheel 1, the 
driver senses the acceleration G on the vehicle, and also 

10 senses the vehicle speed V, the yaw rate y, the roll <J>, and 
the pitch x ♦ Based on such information, the driver 
controls the steering wheel 1 for performing precognitive 
control, tracking control and correction control* 

Precognitive control is a kind of control to be 

is performed by the driver while forecasting the coming 
conditions. Tracking control is a kind of control to track 
a certain behavior of the vehicle which is intended by the 
driver as a target. Correction control is a kind of control 
to correct a disturbance such as lateral wind. These types 

20 of control are performed based on knowledge of the driver 
relating to the operation of the vehicle, and such 
knowledge may be classified into a knowledge based on the 
skill, a knowledge based on the rule, and a knowledge based 
on the intelligence, 

2S The skill-based knowledge relating the operation is 

a knowledge taken by the body, that is, a knowledge that 



53 



03- 1 0-3 0J 6 : 5 7 P r// ; N G B PATENT DEPT 



McGINN & GIBB 



181355613956 



# 56/ 88 



makes himself /herself act spontaneously based on 
information taken through five senses without 
consciousness. The rule-based knowledge relating the 
operation is a knowledge that makes himself /herself act 
s according to the judgment (for example, whether or not 
certain conditions are conformed) based on the memory of 
the driver, that is, a knowledge relating to the patterned 
action. The intelligence-based knowledge relating to the 
operation is not a knowledge relating to the patterned 

10 action, but an advanced knowledge that makes 
himself /herself act through a thought which is conscious, 
abstract, and logical thought - 

For example, road surface information informed to 
the driver via the steering wheel 1 as low- frequency 

is information works with the driver's rule-based knowledge 
and urges him/her to perform the patterned driving action . 
In contrast, transient information on the tire supporting 
surface informed to the driver also via the steering wheel 
1 works with the driver's intelligence-based knowledge and 

20 is used for an advanced determination (such as whether or 
not the vehicle is at the critical point where the steering 
torque is released) . 

Fig. 12 is a flowchart for illustrating a process 
to be executed by the control unit 14 for informing 

25 information to the driver by control of the reaction force 
actuator 9 or via the alarm unit 19. In a first place, 
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detection signals supplied by the sensors S1-S12 are taken 
(Step Al)/ then, a signal processing for the detection 
signals from the sensors Si^S12 is performed (Step A2) . 
More specifically, processing such as derivative 
5 processing, integral processing, analysis of signal 
periodicity, envelope detection, analysis of frequency 
characteristics by the spectrum analysis is performed. 
Further specifically, vibration frequency of the output 
signal from the turning angle sensor S3 (vibration 

10 frequency for turning angle), vibration frequency of the 
output signal from the stroke sensor S9 (vibration 
frequency for the shock absorber), and derivative of the 
output signal from the turning angle sensor S3 (turning 
anglular speed) are obtained. In addition, vibration 

is frequencies of the lateral acceleration detected by a 
lateral acceleration sensor S7 (lateral G) , the yaw rate 
detected by a yaw rate sensor S8, a shock absorber stroke 
detected by a stroke sensor S9, the brake fluid pressure 
detected by a brake fluid pressure sensor S10. 

20 The control unit 14 further divaricates the 

processing depending which one of a predetermined plurality 
of speed regions (in the present embodiment, four speed 
regions of 0km/h<V£30km/h, 30km/h<V£60km/h, 

60km/h<V^90km/h, 90km/h<V) a vehicle speed V detected by 

25 the vehicle speed sensor S5 belongs to (Step A3, A4, A5) . 

For example, when the vehicle speed V is a value 
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within the range 0km/h<V<30km/h (Yes in Step A3) , whether 
or not the vibration frequency for the turning angle is not 
lower than 5Hz, which , is <a predetermined threshold is 
determined (Step A6) . If the answer is YES in this 
5 determination, it is possible that abnormalities occurred 
in the steering system or the turning system. Therefore, 
whether or not the vibration frequency of one or 
predetermined two of the lateral acceleration detected by 
the lateral acceleration sensor S7 (lateral G) , the yaw 

10 rate detected by the yaw rate sensor S8, the shock absorber 
stroke detected by the stroke sensor S9, and the brake 
fluid pressure detected by the brake fluid pressure sensor 
S10 is 2Hz or below, which is a predetermined threshold, is 
determined (Step A7) . When the answer in this step is NO, 

is it is determined that the steering system or the turning 
system is in the normal condition, and the target reaction 
force torque for driving the reaction force actuator 9 is 
set to a target reaction force torque value Ta for a normal 
state (Step A8) (when no abnormality exists), and then the 

20 procedure returns. The target reaction force torque value 
for the normal state is a value reflecting the tire load 
detected by the stress sensors SL, SR or the air pressure 
sensor SP. 

On the other hand, the vibration frequency of one 
25 or predetermined two of the lateral acceleration, the yaw 
rate, the shock absorber stroke, and the brake fluid 
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pressure is determined to be 2Hz or below in Step A7, it is 
determined that there is an abnormality in the steering 
system or the turning system' (Step A9) - In this case, the 
control unit 14 sets the target reaction force torque for 
5 driving the reaction force actuator 9 to a value Ta + Tb, 
which is the value of the target reaction force torque 
value Ta in the normal state added with the correction 
torque value Tb (the correction torque for the case of 
abnormalities in the steering system or the turning system) 

10 (Step A10) and the procedure returns. 

The correction torque value Tb is determined 
according to the vibration frequency of an object value 
which is determined to be 2Hz or below in Step A7, and, for 
example, increases with the vibration frequency. The 

is correction torque value Tb may be determined according to 
the vehicle speed or the turning angle, and the correction 
torque value may be determined so as to increase with the 
vehicle speed, or in the turning angle. 

When the turning angle vibration frequency is less 

20 than 5Hz (when NO in Step AS) , there may be an abnormality 
in the suspension system* Therefore, whether or not the 
vibration frequency of the shock absorber is 1Hz or higher, 
which is a predetermined first threshold is determined 
(Step All) . When the vibration frequency of the shock 

25 absorber is 1Hz or higher, whether or not the turning 
anglular speed is below 5 rad/sec, which is a predetermined 
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threshold is determined (Step A12) . When the answer is YES 
in this step,, it is determined that the vehicle is 
traveling on the punishing road, or suffering form flutter 
or imbalance (Step A13), and thus such abnormalities are 
s informed to the driver via the alarm unit 19 (Step A14) . 
Then the target reaction force torque for controlling the 
reaction force actuator 9 is set to the target reaction 
force torque value Ta in the normal state (Step A15) and 
the procedure returns . 

10 When the turning angle frequency is less than 5Hz, 

but the vibration frequency of the shock absorber is less 
than 1Hz (NO in the step All), or when the turning angle 
frequency is less than 5Hz and the vibration frequency of 
the shock absorber is 1Hz or higher, but the turning speed 

is exceeds 5 rad/sec < Wo in Step A12), the vibration frequency 
of the shock absorber is 10 Hz or higher, which is a 
predetermined second threshold, is determined in order to 
inspect the presence of an abnormality in the suspension 
system (Step A16) . When the answer of this determination 

20 Is YES, it is determined that there is an abnormality in 
the suspension system (Step A17) , and the control unit 14 
sets the target reaction force torque for driving the 
reaction force actuator 9 to a value Ta + Tc which is the 
target reaction force torque value Ta in the normal state 

25 added with the correction torque value Tc (the correction 
torque to be used in the case where there is an abnormality 
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in the suspension system) (Step A18) and the procedure 
returns . 

The correction ( torque value Tc is determined 
according, for example, to the vibration frequency of the 
5 shock absorber, and for example, the correction torque 
value Tc increases with the vibration frequency of the 
shock absorber. Further, the correction torque value Tc 
may be determined according to the vehicle speed or the 
turning angle, and may be increased with the vehicle speed, 

10 or in the turning angle* 

When the answer of the determination in Step A16 is 
NO, it is determined that there is no abnormality in the 
suspension system, and the target reaction force torque for 
driving the reaction force actuator 9 to a value Ta, which 

is is a target reaction force torque value in the normal state 
(when no abnormality exists) ♦ 

In the vehicle speed ranges of 30km/h<V^60km/h, 
60km/h<V<90km/h, 90km/h<V as well, the type of the 
vibration frequency to be determined is selected as needed, 

20 and the threshold for each vibration frequency is 
adequately set before the processing as described above is 
executed. 

As a result of such processing, if there is any 
abnormalities in the steering system, the turning system, 
25 and suspension system/ it is informed to the driver via the 
steering wheel 1 by differentiating the steering reaction 
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force applied to the steering wheel 1 from the value in the 
normal state (Ta) . On the other hand/ information such 
that the vehicle is traveling in the punishing road, or 
suffering from flutter or unbalance is informed to the 
5 driver via the alarm unit 19, not via the steering wheel 1. 
In this manner, since an adequate transmission route is 
selected depending on the type of the occurred abnormality, 
transmission of information to the driver is smoothly 
performed, and mental and physical stress exerted to the 

10 driver during operation of the vehicle may be alleviated, 
thereby realizing a comfortable driving environment, 

In addition, in this embodiment, the reaction force 
actuator 9 is adapted to be controlled according to the 
tire load detected directly by the left and the right 

is stress sensors SL, SR or the air pressure sensor SP 
attached to the tire* Therefore, since a suitable control 
of reaction force may be performed without depending on the 
mechanical construction of the steering mechanism, 
application of the vehicle adaptation technology for 

20 differentiating reaction force control for every individual 
type of vehicle or vehicle may be reduced or even 
eliminated. Accordingly, the period required for 
development of the vehicle steering apparatus may 
significantly be shortened. 

25 In addition, since the vehicle steering apparatus 

is constructed to detect the state of the load applied to 
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the tire W directly by the left and the right stress 
sensors SL, SR and the air pressure sensor SP, complicated 
computing processing is not necessary, and thus the 
reaction force actuator 9 may be controlled with a high- 
5 speed responsibility in the order of several tens 
milliseconds. Therefore, transient information on the tire 
supporting surface such as the critical limit of grip can 
be informed to the driver via the steering wheel 1. 

10 < Fifth Embodiment> 

Fig. 13 is a diagrammatic drawing showing a 
construction of the vehicle steering apparatus according to 
a fifth embodiment of the present invention. The vehicle 
steering apparatus 21 includes the first steering shaft 23 

is to be linked to the steering wheel 22 as an operating 
member so as to be capable of rotating integrally 
therewith, the second steering shaft 25 provided coaxially 
with the first steering shaft 23 and linked to the steering 
mechanism 24 such as rack-and-pinion mechanism, and the 

20 planetary gear mechanism 2 6 as a planetary transmission 
mechanism constituting a differential transmission 
mechanism for allowing the differential rotation between 
the first and the second steering shafts 23, 25* 

The steering mechanism 24 includes the turning 

25 shaft 27 disposed so as to extend laterally of the vehicle, 
and the knuckle arms 30 connected to both ends of the 
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steering shaft 2 7 via the tie rods 28 for supporting the 
steerable tired-wheels 29. The steering shaft 27 is 
rotatably supported by the housing 31 so as to be capable 
of sliding movement in the axial direction, and the 
5 steering actuator 32 constructed of an electric motor is 
coaxially integrated to the midsection thereof. The rotary 
motion of the steering actuator 32 is converted into a 
sliding movement of the turning shaft 27 by a movement 
converting mechanism such as a ball screw mechanism, and 

10 turning of the wheel 29 is achieved by the sliding movement 
of the turning shaft 27. 

The rack 27a is formed at a part of the turning 
shaft 27, and the pinion 34 which is provided at the end of 
the second steering shaft 25 and rotates integrally with 

is the second steering shaft 25 engages to the rack 27a. In 
the case where the steering actuator 32 is in failure/ when 
the second steering shaft 25 is rotated according to the 
operation of the steering wheel 22, rotation of the second 
steering shaft 25 is converted into a sliding movement of 

20 the turning shaft 27 by the pinion 34 and the rack 27a, and 
turning of the wheel 29 is achieved. 

The planetary gear mechanism 2 6 includes the sun 
gear 35 connected to the end of the first steering shaft 23 
so as to be capable of rotating integrally therewith and 

25 situated on the input side, the plurality of planetary 
gears 37 supported by the carrier 36 on the output side so 
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as to be capable of rotating and meshed with the sun gear 
35, and the ring gear 38 as a ring member having internal 
teeth 38a to be meshed with the respective planetary gears 
37 on the inner periphery thereof - 
5 The ring gear 38 constitutes for example a worm 

wheel by forming external teeth 38b. The external teeth 
38b is linked to the reaction force actuator 40 for 
applying an operation reaction force to the steering wheel 
22, for example, via a drive transmission gear 39 
10 constructed of a worm. The reaction force actuator 4 0 is 
constructed for example of an electric motor, and the 
casing thereof is secured to suitable positions of the 
vehicle body. 

The steering actuator 32 and the reaction force 
is actuator 4 0 are adapted to be controlled by the control 
unit C (ECU: electronic control unit) including the CPU 61, 
the ROM 62 having a control program and the like stored 
therein, and the RAM €3 to be used as a work area for 
computing process. 
20 The first steering shaft 23 is provided with the 

steering angle sensor SI as steering angle detecting means 
for detecting the steering angle of the steering wheel 22, 
and the torque sensor S2 as steering torque detecting means 
for detecting the steering torque supplied form the 
25 steering wheel 22. The detection signal from the steering 
angle sensor Si and the torque sensor S2 are supplied to 



03-10-30; b:57PMJNQB PATENT DEPT 



McGINN & GIBB ;81355613956 



# 66/ 88 



the control unit C, 

In addition, the turning shaft 27 is provided with 
the turning angle sensor, S3 for detecting the turning angle 
of the wheel 29 by detecting the axial position of the 
5 turning shaft 27 and the axial force censor S4 for 
detecting the axial force applied to the turning shaft 27 , 
and the detection signals from the turning angle sensor S3 
and the axial force sensor S4 is supplied to the control 
unit C. The detection signal from the vehicle speed sensor 

lo S5 for detecting the vehicle speed is also supplied to the 
control unit C* 

In addition, the control unit C is supplied with 
signals from the fore-and-aft acceleration sensor S6 for 
detecting the acceleration in the fore-and-aft direction of 

is the vehicle, the lateral acceleration sensor S7 for 
detecting the lateral acceleration of the vehicle, the yaw 
rate sensor SB for detecting the yaw rate of the vehicle, 
the stroke sensor . S9 for detecting the stroke 
(displacement) of the shock absorber, the brake fluid 

20 pressure sensor S10 for detecting the brake oil pressure, 
the load sensor Sll for detecting the load of the vehicle, 
and the current detecting unit S12 for detecting the drive 
current supplied to the steering actuator 32 . The tire 

air pressure sensor SP, the left side stress sensor SL, and 

25 the right side stress sensor SR are provided within the 
tire of the wheel 2 9 as tire load detecting means as in the 
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case of the fourth embodiment described above. The output 
signals from these sensors are taken into the control unit 
C via the antenna Ca by .radio communication. 

The control unit C outputs control signals to drive 
5 circuits 48, 49 as drive units for driving the steering 
actuator 32 and the reaction force actuator 40 respectively 
based on the input signals from the above-described 
sensors . 

The control unit C always observes whether the 

lo turning system is operated normally. More $pecif ically, 
occurrence of abnormalities in at least one of the turning 
angle sensor 4 6 and the steering actuator 32 is observed. 

When no abnormality exists in the turning system, 
the control unit C generates a torque for providing a 

is steering reaction force corresponding to the reaction force 
of the road surface to the steering wheel 22 by the 
reaction force actuator 40. 

The control unit C drives the steering actuator 32 
by setting a voltage instruction value of the steering 

20 actuator 32 according to the operating amount of the 
steering wheel 22, and providing the control signal 
according to the voltage instruction value to the drive 
circuit 48- Though the steering wheel 22 and the steering 
mechanism 24 are connected with each other via the 

25 planetary gear mechanism 26, the steering torque applied to 
the steering wheel 22 is not substantially transmitted to 
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the steering mechanism 2 4 in a state in which the reaction 
force actuator 40 is operated only for providing a steering 
reaction force to the steering wheel 22 without 
substantially constraining rotation of the ring gear 38. 
5 In this sense/ it can be said that the construction shown 
in Fig. 13 is a steer-by-wire (SBW) type vehicle steering 
apparatus/ and is capable of variable gear ratio control as 
in the case of the fourth embodiment described above. 

In this embodiment, the control unit C controls the 

10 reaction force actuator 4 0 based on the tire load detected 
by the stress sensors SL, SR and/or the air pressure sensor 
SP according to the characteristics shown in Fig. 4 as in 
the case of the control unit 14 in the fourth embodiment 
described above. Accordingly, not only low-frequency 

is information representing the road conditions, but also 
high-frequency information such as transient information on 
the tire supporting surface may be transmitted to the 
driver via the steering wheel 22. 

In addition, as in the case of the control unit 14 

20 in the fourth embodiment described above, the control unit 
C performs the processing as shown in Fig. 12, and 
processes the signals from the sensors. Based on the 
vibration frequencies or the like, when there is an 
abnormality in the steering system, turning system, and the 

25 suspension system, it is informed to the driver by the 
reaction force control, and such information that the 
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vehicle is traveling on the punishing road, or suffering 
from the flutter or unbalance is informed to the driver via 
the alarm unit 70 (the similar construction as the alarm 
unit 19 in the fourth embodiment) . 
5 When any abnormalities occurred in the turning 

system, the control unit C stops controlling of the 
steering actuator 32 to allow the steering actuator 32 to 
be free to rotate, and constrains the rotation of the ring 
gear 38 by the reaction force actuator 40, so that the 

10 steering torque applied to the steering wheel 22 is 
transmitted to the steering mechanism 24. In this case, 
the steering operation can be assisted and the gear ratio 
can be variably controlled by controlling the reaction 
force actuator 40. 

is Though two embodiments of the present invention has 

been described thus far, the present invention may be 
embodied in other modes* For example, as shown in Fig. 11 
and Fig. 13, it is also possible to connect an operating 
unit 75 to the control unit 14, C, and adjust the magnitude 

20 of the operating reaction force by operating the operating 
unit 75. 

Alternatively, for example, it is also applicable 
to link the steering wheel and the steering mechanism with 
the steering shaft with the intermediary of the torsion 
2S bar, and provides the actuator which provides a force to 
the steering wheel even in the normal electric power 
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steering apparatus which provides a steering assist force 
from the electric motor to the steering mechanism and an 
alarm unit so that occurrence of abnormalities is informed 
to the driver while selecting one of the steering wheel and 
5 the alarm unit depending on the type of the abnormality. 

The same construction may also be employed in the 
power steering apparatus constructed in such a manner that 
a hydraulic pressure is generated by a pump driven by the 
electric motor, and a drive force generated by a power 
10 cylinder driven by this hydraulic pressure is transmitted 
to the steering mechanism. 

Other various modification in design may be made 
within the scope of the attached claims. 
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